1. Introduction
===============

Esophageal cancer remains a significant global health concern;^\[[@R1]\]^ for example, in China, esophageal cancer is among the most commonly diagnosed cancers and was the third major cause of cancer-related death in 2015.^\[[@R2]\]^ Histologically, esophageal cancer can generally be divided into squamous cell carcinoma (ESCC) and adenocarcinoma, and the incidence of ESCC shows significant variation geographically compared with other malignancies, with very high incidence rates in China, Iran, South Africa, France, and Italy.^\[[@R3]\]^ ESCC is typically diagnosed at an advanced pathologic stage of disease and associated with very poor outcomes because esophageal cancer cells are highly invasive and rapidly metastatic,^\[[@R4],[@R5]\]^ leading to a 5-year survival rate of only 10% to 15%.^\[[@R6]--[@R8]\]^ To date, the exact etiology of esophageal cancer remains to be defined. Tobacco smoking and alcohol consumption are known risk factors for ESCC, and nutritional factors, like pickled vegetables, have also been linked to ESCC development.^\[[@R3]\]^ Esophageal cancer development may involve multiple genetic alterations, as characterized by Hanahan and Weinberg^\[[@R9]\]^ as 6 essential hallmarks of cancer cells, that is, self-sufficiency in growth, insensitivity to growth-inhibition, evasion of apoptosis, limitless replicative potential, sustained angiogenesis, and invasion and metastasis. Thus, further studies of these molecular alterations could help us to better understand the pathogenesis of ESCC and support the development of novel strategies and/or biomarkers for early detection, molecular targeting therapy or prevention, and prediction of prognosis in this now deadly disease.

Towards this end, our group focuses on the identification and evaluation of biomarkers for early detection of ESCC and prediction of prognosis. Silent mating type information regulation 2 homolog 1, also known as sirtuin type 1 (SIRT1), is a nicotinamide adenine dinucleotide (NAD+)-dependent histone deacetylase that deacetylates proteins that contribute to cellular reactions to stressors or longevity.^\[[@R10],[@R11]\]^ Research has shown that SIRT1 is involved in DNA damage repair, cell cycle, apoptosis, and oxidative stress in cells.^\[[@R12]\]^ Moreover, SIRT1 possesses an anti-apoptotic effect and promotes carcinogenesis,^\[[@R13]\]^ and SIRT1 overexpression occurs in a variety of solid tumors.^\[[@R13]\]^ In ESCC, a previous study revealed that SIRT1 overexpression is an independent prognostic factor for patients.^\[[@R14]\]^ However, another previous study showed that although SIRT1 expression is frequently upregulated in gastrointestinal cancers, its prognostic value in these cancer patients remains inconclusive.^\[[@R15]\]^

Survivin is a member of the inhibitor-of-apoptosis protein family and functions to suppress caspase activation, thereby leading to negative apoptosis regulation.^\[[@R16],[@R17]\]^ Indeed, overexpression of survivin is associated with tumor progression and induces anticancer drug resistance; thus, survivin represents a potential therapeutic target for control of different human cancers.^\[[@R16],[@R17]\]^ In ESCC, survivin overexpression is associated with poor clinical outcomes,^\[[@R18],[@R19]\]^ while inhibition of survivin induces the sensitivity of tumor cells to radiation.^\[[@R20]\]^ SIRT1 is able to deactivate the p53 protein but stimulate autophagy.^\[[@R21],[@R22]\]^ In contrast, p53 can inhibit survivin expression at the transcriptional level.^\[[@R23]\]^ p53 mutations and dysfunctions in ESCC are well established and contribute to ESCC development and progression.^\[[@R3]\]^ Thus, in the present study, we collected tissue specimens from 93 cases of ESCC for immunostaining of SIRT1 and survivin proteins and then analyzed the association of their expression with clinicopathological features and prognosis in ESCC patients who had received concurrent chemoradiotherapy.

2. Materials and methods
========================

2.1. Patients and specimens
---------------------------

Tissue samples were obtained from 93 ESCC patients in the Department of Pathology, The People Hospital of Linyi (Shandong, China). These patients received medical care between August 2010 and October 2012. The inclusion criteria were:

1.  provision of informed consent for participation in this study by the patient or representing family member before surgery;

2.  histologically confirmed diagnosis of ESCC without distant metastasis or other malignancies; and

3.  no treatment with chemoradiotherapy or other anti-cancer therapy before surgery. ESCC patients were diagnosed surgically according to the World Health Organization classifications^\[[@R24]\]^ and staged following the American Joint Committee on Cancer TNM classifications.^\[[@R25]\]^ All patients underwent total esophagectomy and radical lymph node dissection, and 50 patients also received concurrent chemoradiotherapy with standard cisplatin and 5-fluorouracil doses and radiotherapy with 50 Gy doses. Normal esophageal tissues were collected from \>5 cm away from tumor lesions for use as non-tumor control samples, and the margin included no cancer cells. This study was approved by the Ethics Committee of The People Hospital of Linyi (Shandong, China), and all participants or their next of kin provided written informed consent before their enrollment in this study.

2.2. Follow-up of patients
--------------------------

Each patient was routinely followed up every 3 months in the first 2 years and then every 6 months thereafter. Overall survival (OS) was defined as the time from diagnosis to the date of death or the last follow-up, while the progression-free survival (PFS) was calculated between the time of tumor diagnosis and the date of disease progression. All 93 patients were followed up until February 2015 for a median follow-up period of 30 months (range, 5--54 months).

2.3. Immunohistochemistry
-------------------------

ESCC tissue specimens and paired esophageal non-cancerous squamous mucosae were routinely embedded in paraffin and sectioned into 4 to 5 μm thick tissue sections. In brief, the sections were first deparaffinized twice in xylene and rehydrated in a series of ethanol (100%--50%) and in deionized water. Antigen retrieval was performed in a pressure cooker in 10 mmol/L sodium citrate solution (pH 6.0) for 2 to 2.5 minute, while the activity of endogenous peroxidase was prevented by immersion in 3% H~2~O~2~ in deionized water at room temperature for 10 minute. After being washed 3 times in phosphate-buffered saline (PBS), the sections were blocked in a normal serum (Polink-1 PV6000 secondary antibody detection kit, Zhongshan Goldenbridge Co., Ltd., Beijing, China) at room temperature for 30 minute and then with 50 μL of a monoclonal anti-SIRT1 antibody (Abcam, Rockville, MD) at a dilution of 1:200 or with an anti-survivin antibody (Epi Biotechnology Co. Ltd., San Francisco, CA) at a dilution of 1:200 at 37°C for 60 minute. The sections were then washed 3 times in PBS and incubated with a secondary antibody from the detection kit. Next, the sections were further washed with PBS 3 times and then subjected to color reaction with 3, 3-diaminobenzidin (DAB) solution from the detection kit in the dark at room temperature for approximately 10 minute. After being counterstained with Harris hematoxylin (Zhongshan Goldenbridge Biotechnology Co., Ltd.), dehydrated in ethanol, and cleared in xylene, the sections were mounted with a neutral gum. The negative control sections were incubated with PBS instead of the primary antibody.

The immunostained sections were viewed and scored under a light microscope by a pathologist who had no knowledge of the identity of the patients. The nuclear staining (brown color) was regarded as positive for survivin expression, while the nuclear and cytoplasmic staining (brown color) was considered as positive staining for SIRT1 expression. For each section, we selected 5 high power (400x) fields to assess the proportion of immunostained tumor cells and the nuclear staining intensity of the entire sections. The staining intensity scores ranged from 0 (negative), 1 (weak staining), 2 (moderate), and 3 (strong), while the percent cell staining scores were 0 (no staining), 1 (1%--25%), 2 (26%--50%), 3 (51%--75%), and 4 (76%--100%). The staining index was obtained by addition of these 2 scores together, and if the staining index was more than 4, the case was considered as positive for survivin and SIRT1 expression according to a previous study.^\[[@R14],[@R24]\]^

2.4. Statistical analysis
-------------------------

The SPSS 21.0 software package (SPSS Inc., Chicago, IL) was utilized for all statistical analyses of our current data. The association of SIRT1 and survivin expression with clinicopathological variables was assessed using the Chi-squared test or Fisher exact probability test, if appropriate, while the association between SIRT1 and survivin expression was analyzed by using the Spearman test and the association of SIRT1 and survivin expression with OS and PFS was plotted by using Kaplan--Meier curves and statistically analyzed using the log rank test. The Cox regression test was used for multivariate analysis of independent prognostic predictors. A *P* value ≤.05 was considered statistically significant.

3. Results
==========

3.1. Characteristics of patients
--------------------------------

For this study, ESCC specimens were collected from 93 patients with a median age at diagnosis of 63 years (range, 41--78 years). Tumor infiltration was observed into the mucosal layer in 6 patients, into the muscular layer in 16 patients, and into the fiber membrane layer in 82 patients. Moreover, tumors were well differentiated in 34 cases, moderately differentiated in 52 cases, and poorly differentiated in 7 cases. ESCC was classified as stage I in 6 patients, stage II in 40 patients, and stage III in 47 patients (Table [2](#T2){ref-type="table"}). All of the 93 patients were followed-up until February 2015 for a median follow-up period of 30 months (range, 5--54 months).

3.2. Overexpression of SIRT1 and survivin proteins in ESCC tissues
------------------------------------------------------------------

Our immunohistochemical staining analysis showed that survivin expression was localized in the nuclei of tumor cells, whereas positive staining for SIRT1 expression was seen in the cytoplasm of tumor cells (Fig. [1](#F1){ref-type="fig"}). Overall, SIRT1 protein was expressed in 80.6% (75/93) of ESCC tissues compared to only 25.8% (24/93) of the normal squamous epithelia specimens (χ^2^ = 56.16, *P* \< .01). Furthermore, survivin was expressed in 67.7% (63/93) of ESCC tissues vs 19.4% (18/93) of the normal squamous epithelium samples (χ^2^ = 44.28, *P* \< .01). Survivin expression was associated with SIRT1 expression in ESCC tissues (r = 0.39, *P* \< .05; Table [1](#T1){ref-type="table"}).

![Differential expression of sirtuin type 1 and survivin in esophageal squamous cell carcinoma tissues. Paraffin-embedded tissue sections of esophageal squamous cell carcinoma tissues and normal squamous mucosae were prepared and immunostained with anti- sirtuin type 1 or anti-survivin antibodies. All magnification, 200×.](medi-99-e21645-g001){#F1}
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Association of sirtuin type 1 expression with Survivin expression in esophageal squamous cell carcinoma tissue samples.

![](medi-99-e21645-g002)

3.3. Associations of SIRT1 or survivin expression with clinicopathological features of patients
-----------------------------------------------------------------------------------------------

SIRT1 expression was associated with tumor size, depth of tumor invasion, tumor differentiation, lymph node metastasis, advanced clinical stage, and chemoradiotherapy (*P* \< .05). Furthermore, survivin expression was linked to tumor size, depth of tumor invasion, tumor differentiation, lymph node metastasis, advanced tumor clinical stage, and chemoradiotherapy (*P* \< .05). However, our analysis showed no association of SIRT1 and survivin expression with patient age or gender (*P* \> .05; Table [2](#T2){ref-type="table"}).

###### 

Association of sirtuin type 1 and survivin expression with clinicopathological features of esophageal squamous cell carcinoma patients.
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3.4. Association of SIRT1 and survivin expression with OS and PFS of ESCC patients
----------------------------------------------------------------------------------

Expression of SIRT1 and survivin individually and in combination was associated with OS (χ^2^ = 9.97, *P* \< .01; χ^2^ = 13.97, *P* \< .01, respectively) and PFS (t = 2.45, *P* \< .05; t = 4.532, *P* \< .01, respectively) (Fig. [2](#F2){ref-type="fig"}, Table [3](#T3){ref-type="table"}). Our multivariate analysis showed that age, chemotherapy, tumor size, lymph node metastasis, clinical stage, and SIRT1 and survivin expression were all independent predictors for PFS in ESCC patients after concurrent chemoradiotherapy (*P* \< .05; Table [4](#T4){ref-type="table"}).

![Kaplan--Meier curves for progression-free survival stratified by sirtuin type 1 (SIRT1) and survivin expression. **A,** SIRT1; **B,** survivin; and **C,** SIRT1 and survivin.](medi-99-e21645-g004){#F2}
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Association of different sirtuin type 1 and survivin expression statuses with overall survival and progression-free survival in esophageal squamous cell carcinoma patients.
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Multivariate analysis of overall survival of esophageal squamous cell carcinoma patients.
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4. Discussion
=============

ESCC is frequently detected at advanced clinical stages, which contributes to its poor prognosis. Thus, the identification and evaluation of biomarkers for the prediction of survival could help medical oncologists to effectively manage ESCC patients. In our current study, we re-assessed the association of SIRT1 and survivin protein expression with OS and PFS in ESCC patients. We found that both SIRT1 and survivin were expressed in ESCC tissues more often than in normal tissue specimens. SIRT1 expression was associated with tumor invasion, tumor differentiation, lymph node metastasis, and advanced clinical stage (*P* \< .05), while survivin expression was associated with tumor size, depth of tumor invasion, tumor differentiation, lymph node metastasis, and advanced tumor clinical stage (*P* \< .05). Moreover, expression of SIRT1 and survivin, individually and in combination, was associated with poor OS and PFS among ESCC patients after concurrent chemoradiotherapy. In addition, age, chemotherapy, tumor size, lymph node metastasis, clinical stage, and SIRT1 and survivin expression were all independent predictors for OS and PFS among ESCC patients.

SIRT1 has been shown to be involved in the tumorigenesis and lymph node metastasis of various types of human cancers.^\[[@R26]--[@R29]\]^ In ESCC, a previous study reported that SIRT1 also possesses a tumor-promoting role and linked SIRT1 expression to ESCC T stage ^\[[@R26]\]^, while another study showed that basal SIRT1 protein levels are higher in ESCC tissues than in control samples and SIRT1 overexpression is significantly associated with tumor TNM stage and lymph node metastasis.^\[[@R30]\]^ SIRT1 overexpression was also shown to be associated with poor ESCC prognosis,^\[[@R31]\]^ and high SIRT1 expression in ESCC was suggested as an independent diagnostic and prognostic marker for ESCC.^\[[@R31]\]^ Our current study confirmed these data and indicated that SIRT1 expression is associated with ESCC lymph node metastasis, advanced tumor clinical stage, and poor OS and PFS.

Survivin functions to inhibit caspase activation, thereby promoting cell survival.^\[[@R16]\]^ Survivin is overexpressed in a variety of human cancers and associated with poor prognosis in ESCC.^\[[@R18],[@R19]\]^ Our current study also confirmed these previous data. Our hypothesis that the combination of these 2 proteins could serve as a prognostic biomarker for survival prediction was based on the relationship of these two proteins with p53 protein. It is well established that p53 is highly mutated in ESCC, and SIRT1 was reported to deactivate the p53 protein.^\[[@R22]\]^ In addition, p53 can inhibit survivin expression.^\[[@R23]\]^ In this regard, overexpression of SIRT1 could lead to inactivation of wild-type p53 and subsequently induce survivin expression in ESCC, promoting ESCC development and progression, and this mechanism is supported by a previous review article showing that SIRT1 can negatively regulates expression of beta-catenin and survivin, although the review article classified SIRT1 as a tumor suppressor.^\[[@R29]\]^ In contrast, a previous study showed that SIRT1 expression is not associated with survivin expression in ESCC, but with epidermal growth factor receptor (EGFR) expression,^\[[@R32]\]^ which is inconsistent with our current findings. Thus, further study is needed to specifically define the relationship and role of SIRT1 and survivin in ESCC. Our current study demonstrated that the combination of these 2 proteins was a significant predictor for poor survival among ESCC patients.

Chemoradiotherapy can reduce loco-regional recurrence of ESCC and improve outcomes after the surgery. Thus, detection of these 2 proteins could help medical oncologists to predict treatment responses and PFS in ESCC patients. However, our current study does have limitations; for example, the current study was retrospective, descriptive, and not well controlled for a particular chemoradiotherapy among the ESCC patients. The sample size was also relatively small.

5. Conclusions
==============

Both SIRT1 and survivin were expressed more frequently in ESCC tissues than in normal tissues, and their expression was associated with lymph node metastasis and poor OS and PFS. Further studies are needed to confirm our findings and determine the clinical value of these proteins as a prognostic biomarker in ESCC as well as to investigate the underlying molecular mechanisms leading to their expression and action in ESCC.
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